Based on observations of aggression by adults toward older chicks in 1993, and pilot trials in early 1994, we divided experimental chicks into two age groups: -<7 days old ("young" group) and ->8 days old ("old" group). In fostering trials, chicks were transplanted to a different brood (referred to as "resident" chicks), whereas control chicks were reintroduced to their own family. We used same-aged chicks in fostering trials to eliminate the confounding effect of body-size differences between the experimental and the resident chicks. Thus, our 2 x 2 factorial experiment design had two levels of age (young and old) and two levels of treatment (foster and control).
recognition exists in American Avocets, and if so, to estimate its timing during chick development.
Methods.--Field experiments were conducted at Jay Dow, Sr. Wetlands (40ø10'N, 120ø20'W) in Lassen County, California, in 1993 and 1994. Details of the study site and general field methods are available in Robinson and Oring (1997). All chicks used in exchange trials were individually color-banded. Twenty adults (38.5% of total population of 26 pairs) were color-banded, with one or both adults marked at 12 nests. We followed brood movements on a daily basis.
Based on observations of aggression by adults to-
ward older chicks in 1993, and pilot trials in early 1994, we divided experimental chicks into two age groups: -<7 days old ("young" group) and ->8 days old ("old" group). In fostering trials, chicks were transplanted to a different brood (referred to as "resident" chicks), whereas control chicks were reintroduced to their own family. We used same-aged chicks in fostering trials to eliminate the confounding effect of body-size differences between the experimental and the resident chicks. Thus, our 2 x 2 factorial experiment design had two levels of age (young and old) and two levels of treatment (foster and control).
Chicks and families were used in only one trial.
Experimental broods and chicks were chosen at random. We determined the age group and selected the experimental chick first, and the treatment (control vs. fostered) second. If a fostering trial was selected, we randomly chose a foster family. Chicks were captured by hand, transported to the location of the foster family, and exchanged with a chick from the foster family (replaced chicks were kept at the observation point). After a 10-min acclimation period, we used instantaneous sampling every 15 s for 15 min to record the behavior of the adult closest to the foster chick. Because aggressive behavior was brief in pilot trials (duration of "alarming" behavior, • -7.3 + SD of 2.65 s, n = 6; chasing, :g = 1.8 ñ 0.40 s, n = 3), we believe that 15-s periods were enough to ensure independence between sequential observations. We also estimated distance between the closest adult and the chick.
In controls, the experimental chick was returned to its own family after a 15-min period, and the same sampling method was used after the 10-min accli-49O mation period. After trials, both experimental and replaced chicks were returned to their natal families.
Chick behavior was monitored during the 10-min acclimation period. Three chick behavior patterns were observed: (1) the chick quickly ran away from the foster family, (2) the chick remained crouched in one place, and (3) the chick stayed with and/or followed the family. In the first two cases, no interactions occurred between the foster parent and the experimental chick, whereas interactions occurred between them in the third case. In the latter case, foster chicks usually began feeding with the resident chicks and reacted to the adults' calls. Based on these observations, we decided a priori to conduct a trial only if some form of interaction occurred between the parent and the foster chick during the acclimation period, i.e. the chick acted as part of the foster family.
We divided adult behavior (defined after Hamilton 1975) into three groups: (1) acceptance (brooding, calling, leading, protecting, vigilance), (2) indifference (feeding, flying, preening, walking), and (3) aggression ("alarming," chasing). If adults behaved aggressively toward the experimental chick, the chick was considered rejected. Otherwise, the chick was considered accepted.
Six control and seven fostering trials were completed in both age groups (26 trials total). The mean age of young chicks was 4.5 _+ SD of 1.87 days in controls (range 2 to 7 days), and 4.7 _+ 1.80 days (range 2 to 7) in the fostered group (t = -0.21, df = 11, P = 0.837). The mean age of old chicks was 12.0 +_ 3.23 days (range 8 to 16) in controls and 11.7 _+ 3.04 days (range 8 to 17) in the fostered group (t = 0.41, df = 11, P = 0.689).
In statistical analyses, parametric methods were used when the assumptions of these tests were met. We used nonparametric tests for analyzing frequencies of individual behavior patterns because of the small sample size and the high frequency of "zero" values in the data.
Results.--The frequency of acceptance behavior decreased slightly with age (from 84.3% to 83.7% in controls, and from 76.0% to 75.3% in fostering trials for young and old chicks, respectively), but this effect was not significant (two-way ANOVA, F = 0.13, df = 1 and 22, P = 0.719). Adults exhibited acceptance behavior 84.0 _+ SE of 1.54% (mean combined between age groups) of the time in control trials, and 75.7 _+ 1.67% in fostering trials. The effect of treatment (control vs. fostered) was significant (F = 13.34, df = 1 and 22, P < 0.005), and the means were different in both age classes (Tukey HSD test, q = 8.29, df = 1 and 22, P = 0.013). Adults tended to call to their chicks more often than to alien chicks (Table 1) .
Frequencies of other acceptance behaviors also tended to be higher in controls than in foster trials, but the differences were not statistically significant (Table 1).
The frequency of indifferent behavior (oe = 15.7 _+ b Significance levels adjusted for experimentwise error using the sequential Bonferroni method. Adults attended older chicks at a greater distance in both control and fostered groups (Fig. 1) . The slopes of the regression lines were marginally different (ANCOVA, interaction F = 3.05, df = 1 and 22, P = 0.095). Attending distance was smaller when chicks were rejected than when they were accepted (ANCOVA with chick age as covariate, F = 5.33, df = 1 and 11, P = 0.041). This suggests that aggression was related to attending distance, which also is supported by a negative relationship between attending distance and frequency of aggression (Fig. 2) .
1.49% in controls and
Discussion.--Our experiment provided three resuits. First, adult avocets appeared to recognize their chicks because acceptance behavior was more frequent in control trials than in fostering trials. Adults showed no aggression toward their own young. Aggressive behavior was directed toward alien chicks, and although aggressive periods made up only about 7% of trials (i.e. 1.05 min in each 15-min trial), aggression by adults was severe (e.g. pecking) during these periods.
Second, the higher frequency of aggression toward old fostered chicks suggests that parents discriminate against alien chicks after the first week posthatching. However, the fact that acceptance behavior was more likely to occur in controls than in fostering trials, regardless of chick age, indicates that some discrimination may exist during the first week of the chicks' life. Therefore, it is possible that chick recognition is present at earlier ages and becomes elaborated later, as chicks develop. Our only observation of aggression toward a young (3-day-old) chick is equivocal, because adults showed aggression to the chick while being involved in a territorial fight with a neighboring pair. Despite the fact that we used chicks of different ages (2 to 17 days) in the trials, our randomization procedure, and the finding that aggression was more frequent at ages older than 7 days, suggest that chick recognition can be detected after the first week posthatching in the American Avocet.
Third, attending distance increased with chick age, probably resulting from the older chicks' higher mobility and better antipredator abilities. Adults attended chicks that they rejected at a closer distance than those that they accepted, which may indicate in- Choice trials, on the other hand, test an adult's acceptance behavior directly. These tests generally require: (1) local attachment of a brood, and (2) a specific aspect of parental care on which the choice is based, e.g. feeding the chick. Because precocial species lack these characteristics, the chick-exchange method appears to be the only available option to apply in such species.
Chick behavior has been reported to influence aggression by adults in some species of semiprecocial gulls (Miller and Emlen 1975) and has been believed to be the basis of parental recognition in others (Knudsen and Evans 1986). In gulls, aggression by adults usually occurred if the chick behaved "unnaturally," e.g. crouched or attempted to return to its own parents. To eliminate the effect of such unnatural chick behavior, we conducted trials only if the experimental chick had been observed integrated in the foster brood, i.e. the chick followed the family. Empirical observations suggest that chicks behaved similarly when introduced to familiar (control trials) and unfamiliar (foster trials) conditions, because in both situations they spent most of their time feeding. Foster chicks usually began feeding at the same time when the resident chicks did. Moreover, foster chicks, except for one case, stayed with the foster brood for the duration of trials even if adults showed aggression toward them. These findings suggest that there was no motivation on the part of chicks to return to their own parents, and that chicks behaved similarly towards familiar and unfamiliar adults.
The fact that adults accepted six young foster chicks and only one old chick may result from: (1) differences in behavior of chicks of different ages, and (2) the ability of adults to discriminate older chicks. However, lack of aggression toward old chicks in the control group suggests that the discrimination process of adults is not based solely on agespecific differences in behavior. In summary, our results suggest that avocets recognize their own young. It is possible that chick recognition exists in a less well-developed form in early stages of chick development and is more strongly developed as chicks become older. This process makes it likely that early adoption has little cost in precocial shorebirds so that selection for chick recognition is absent (neutral hypothesis). Alternatively, adoption might provide reproductive benefits by increasing the likelihood that a parent's own chicks survive (e.g. 
